Highlights
==========

-   Drug interactions are major challenge in comorbidity of psychiatric disorders and COVID-19 infection

-   QTc prolongation is a major concern while using antiviral medications and/or Chloroquine/hydroxychloroquine in combination with many psychotropics. Cardiac monitoring especially in high risk patients is highly recommended.

-   Concomitant use of SSRIs with antiviral medications and/or Chloroquine/hydroxychloroquine increase the risk of hypoglycemia.

-   Concomitant use of pimozide or midazolam with antiviral medications is contraindicated.

Plain Language Summary
======================

In December 2019, the reports of Coronavirus Disease 2019 (COVID-19) were documented in Wuhan, China. This condition is caused by a novel beta-coronavirus, called as Severe Acute Respiratory Syndrome coronavirus 2 (SARSCoV-2). Nowadays, the Coronavirus Disease 2019 (COVID-19) has become a global pandemic; with more than hundred thousand cases have been identified in Iran. COVID-19 affects people's mental health and quality of life. The COVID-19 causes panic, anxiety, depression and insomnia, especially in patients and health care professionals. There is a possibility of starting psychiatric drugs in patients with COVID-19. Also, some patients with COVID-19 have been taking psychiatric drugs due to various problems. As a result of this, the likelihood of drug- drug interaction (DDI) between psychiatric drugs and drugs used to treat COVID-19 can be a concern. Many psychiatric drugs are metabolized via the cytochrome P450 system. Therefore, their hepatic metabolism and ability to alter activity of cytochrome P450 can lead to pharmacokinetic interactions when they are used with medications in COVID-19 treatment. Risk of toxicity or lack of efficacy may occur due to higher or lower plasma concentration of medications. Moreover intensification of similar adverse effects might lead to patients harm. Psychiatric medication can be safe in combination with COVID-19 pharmacotherapy with close attention to selection of medication with the least possibility of interaction and also careful monitoring.

1.. Introduction
================

In December 2019, the reports of coronavirus disease 2019 (COVID-19) were documented in Wuhan, China ([@B35]). This condition was caused by a novel beta-coronavirus, called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) ([@B69]). Coronaviruses are enveloped, positive-stranded RNA viruses, with a single-stranded genome between 27 kb and 31.5 kb, the largest among known RNA viruses ([@B18]). Coronavirus family belongs to Nidovirales order and causes gastrointestinal and upper respiratory tract diseases in humans and animals ([@B8]).

Nowadays, the Coronavirus Disease 2019 (COVID-19) has become a pandemic ( [@B110]). According to the World Health Organization, As of April 12, 2020, 1771514 cases have been identified in the world and 70029 cases in Iran. About 80% of patients show a minor illness while 14% have severe and 5% critical conditions ([@B119]).

COVID-19 also affects people's mental health and quality of life. The COVID-19 causes panic, anxiety, depression, and insomnia, especially in patients and health care professionals ([@B73]; [@B85]). The first suicide was reported in India due to poor adjustment following the diagnosis of COVID-19 ([@B29]). So, there is some caution in using psychotropics in patients with COVID-19. Also, some patients with COVID-19 have been taking psychotropics due to various problems. As a result, the likelihood of Drug-Drug Interaction (DDI) between psychotropics and COVID-19 drugs can be a concern.

The interactions between psychotropics and COVID-19 drugs are mainly in two ways: first, pharmacokinetic drug-drug interactions i.e. one drug alters the disposition of a co-administered agent and second, compounding of side effects ([@B72]). Cytochrome P450 plays a key role in the metabolism of medications and their interactions ([@B87]). For example, the hepatic CYP isoenzymes, which are responsible for metabolizing the tricyclic antidepressants consisting of 2D6, 1A2, 3A4, 2C19 ([@B26]). Most first- and second-generation antipsychotics are metabolized by the cytochrome P450 system mainly include 2D6, 1A2, and 3A4 ([@B118]). On the other hand, some Selective Serotonin Reuptake Inhibitors (SSRIs) are cytochrome P450 inhibitors and can result in DDIs by changing the blood concentration of the drugs activated or metabolized by these enzymes ([@B93]). Therefore, their hepatic metabolism and ability to alter the activity of cytochrome P450 can make pharmacokinetic interactions when they are used with medications in COVID-19 treatment.

The purpose of this review is to comprehensively explore DDIs, especially pharmacokinetic DDIs between psychotropic medications and COVID-19 medications. Also, we try to find the adverse effects and clinical issues that must be considered for combined medication regimens in psychiatry.

2.. Methods
===========

2.1.. Search strategy
---------------------

For this narrative review, the relevant articles published from 2000 to April 2020 were searched in Google Scholar, PubMed, Web of Science, and Scopus databases. The articles were limited to the English language. The keywords used in titles and abstracts were depression or anxiety, psychosis or psychiatric disorders and specific names of medications used in the treatment of psychiatric disorders, antidepressants, antipsychotics, anxiolytics, or mood stabilizers, as well as psychotropic medication in combination with pharmacological treatments of COVID-19 i.e. chloroquine, hydroxychloroquine, ritonavir, lopinavir, or Kaletra. Article references were also checked to find additional relevant studies.

The inclusion criteria were any type of study, including reviews and systematic reviews, clinical trials and case reports with the subject of drug-drug interactions of any psychotropic drug with ritonavir, lopinavir, or Kaletra and or chloroquine/hydroxychloroquine with a study population of either healthy volunteers or patients with HIV/AIDS, hepatitis, or malaria.

Articles' titles and abstracts were reviewed for relevant information by two reviewers and the discrepancies were checked with the first author.

In total, 30 studies met the inclusion criteria. All publications were reviewed in full text by the researchers.

2.2.. Antidepressants
---------------------

### 2.2.1. Selective serotonin reuptake inhibitors

The Selective Serotonin Reuptake Inhibitors (SSRIs) are used to treat major depressive disorder, anxiety, and some other psychiatric disorders. All SSRIs are metabolized by cytochrome P450 enzymes and some of them (such as fluoxetine) can inhibit these enzymes. Therefore, SSRIs' interactions with other cytochrome P450 substrates should be considered (DEPRESSION).

Fluoxetine is one of the most recommended SSRIs. The utmost amount of fluoxetine N-demethylation is mediated by CYP2D6, CYP2C9, CYP2C19, and CYP3A4. Fluoxetine and its active metabolite (nor-fluoxetine) inhibit CYP2D6 (strong), CYP2C9 (moderate), CYP2C19 (weak to moderate), CYP3A4 (weak to moderate), and CYP1A2 (weak) ( [@B54]; [@B80]). Fluoxetine and its metabolites increase the Area Under The Curve (AUC) of ritonavir by up to 19% through inhibiting CYP2D6 and CYP3A4 (especially CYP2D6) without significant change in other kinetic parameters of ritonavir. This relatively low drug-drug interaction does not need dose modification ([@B88]). On the other hand, there is a possibility of serotonin syndrome in concomitant use of ritonavir with SSRIs. Desilova et al. reported four cases of serotonin syndrome as a result of the co-administration of ritonavir and fluoxetine ([@B16]). Fluoxetine as a CYP2D6 inhibitor (strong) may decrease the metabolism of CYP2D6 substrates like chloroquine and hydroxychloroquine ([@B4]). Consequently, the side effects of chloroquine and hydroxychloroquine should be considered.

Paroxetine is metabolized mainly by CYP2D6 (high affinity) and CYP3A4 (low affinity) and partially by CYP1A2, CYP2C19, and CYP3A5. Its protein binding is 95% and can inhibit the CYP2D6 enzyme ([@B55]). In Manon.et al. study, 26 healthy participants were given paroxetine (20 mg/d) and fosamprenavir/ritonavir (700 mg/100 mg twice daily) for 10 days. They found that paroxetine levels dropped by an average of 55% compared with when it was used alone because of protein binding displacement ([@B113]).

Citalopram and S-enantiomer of citalopram (escitalopram) are metabolized by CYP3A4, CYP2C19, and CYP2D6. They both have a weak inhibitory effect on CYP2D6 ([@B116]). Ritonavir inhibits CYP 3A4 but the interaction with citalopram and its active S-enantiomer is not clinically significant. In a study by Marcelo on 21 healthy volunteers who received daily escitalopram (20 mg) and ritonavir (600 mg), there was no significant change in the pharmacokinetic profile of escitalopram except for the volume of distribution, which decreased by 10% during concomitant use with ritonavir ([@B37]). Nonetheless, ketoconazole as a potent CYP3A4 inhibitor did not alter the pharmacokinetics of citalopram, indicating that ketoconazole and other CYP3A4 inhibitors may potentially be safe with citalopram and no dose adjustment is necessary, although this issue has not been studied explicitly ([@B36]). Citalopram and escitalopram inhibit CYP2D6 (weak), so it does not appear to cause significant changes in ritonavir levels ([@B44]).

Medications like citalopram/escitalopram and chloroquine/hydroxychloroquine are known for causing cardiac complications (such as QTc prolongation). Possibility of this complication seemed additive and can be aggravated in the presence of further risk factors, such as old age, cardiac disease, electrolyte disturbances (hypokalemia, hypomagnesemia), and bradycardia. If there is no alternative medicine, co-administration of these drugs must be done with monitoring the patient's clinical symptoms and Electrocardiogram (ECG) ( [@B82]). Citalopram may enhance the hypoglycemic effect of hydroxychloroquine. Results of two case-control studies show that consuming SSRIs, especially for more than 3 years in people treated with blood sugar lowering agents increases the risk of hypoglycemia ([@B14]; [@B14]).

CYP2D6, CYP3A4, CYP2B6, CYP2C9, and CYP2C19 are involved in sertraline metabolism ([@B2]). Sertraline inhibits CYP2D6 with less potency than fluoxetine and paroxetine ([@B76]). Sertraline may enhance the risk of hypoglycemia when co-administered with agents that have blood glucose effects like chloroquine/hydroxychloroquine. A review article explains available case reports of hypoglycemia and hyperglycemia associated with some SSRIs (fluoxetine, paroxetine, fluvoxamine, and sertraline) ([@B61]). Ritonavir is a strong inhibitor of CYP3A4. Ritonavir can increase the level of drugs eliminated by CYP3A4 metabolism ([@B49]).

CYP1A2 and CYP2D6 are two CYPP450 isozymes that metabolize fluvoxamine. Fluvoxamine inhibits CYP1A2 (major), and CYP3A4 (moderate), and CYP2D6 (minor) ( [@B115]). Fluvoxamine can increase the level of CYP3A4 substrates (e.g. ritonavir), and this effect should be considered especially when used simultaneously with some drugs that have a narrow therapeutic window ([@B17]).

There is no interaction between SSRIs and ribavirin. It may increase dizziness but not much ([@B47]). Cardiotoxicity caused by chloroquine/hydroxychloroquine can be serious and life-threatening in high-risk patients. Therefore, in people with underlying heart diseases, old age, female gender, congenital long QT syndrome, and electrolyte imbalances, including hypokalemia and hypomagnesemia, it is best to monitor the clinical symptoms with the electrocardiogram ([@B109]).

SSRIs (fluoxetine, paroxetine, citalopram, sertraline) and SNRIs (venlafaxine) can cause cardiomyopathy and QTc prolongation ([@B62]).

SSRIs may cause hypoglycemia via different mechanisms, such as an increase in insulin sensitivity, interaction with sulfonylureas in their metabolism, and a decrease in gluconeogenesis ([@B14]; [@B25]; [@B39]; [@B97]). Hydroxychloroquine can induce symptomatic or asymptomatic hypoglycemia in diabetic and nondiabetic patients ([@B111]). Also, chloroquine can lead to hypoglycemia by increasing glucose uptake in muscle cells and stimulating glycogen synthesis ([@B38]). Thus, one should contemplate further monitoring of glycemic control in patients receiving an agent with blood glucose-lowering effects concurrently with an SSRI and chloroquine or hydroxychloroquine.

### 2.2.2.. Serotonin-norepinephrine reuptake inhibitors

Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs) are used to treat depressive disorders (e.g. dysthymia), anxiety disorders (e.g. panic disorder, general anxiety disorder, and social anxiety disorder), and chronic pain syndromes, such as diabetic peripheral neuropathy (Nelson, 2019).

Venlafaxine is metabolized mainly by CYP2D6 and CYP3A4 and partially by CYP2C19. It does not affect (inhibit or induce) CYP450 microsomes. Venlafaxine may cause arrhythmia associated with QTc prolongation in high-risk people (e.g. those who use drugs that prolong QT intervals like chloroquine and hydroxychloroquine, preexisting cardiac disease, old age, female sex, electrolyte imbalance, etc.). In the case of concurrent use of several medications associated with QT interval prolongation, close monitoring, and careful clinical assessment should be done ([@B48]). In a study investigating 21 healthy participants on venlafaxine and potent CYP3A4 inhibitor ketoconazole, it was found that levels of venlafaxine increased with the concomitant use of ketoconazole ([@B75]). Also, ritonavir has a strong inhibitory effect on CYP3A4.

Duloxetine is metabolized by CYP1A2 and CYP2D6. It has a moderate inhibitory effect on CYP2D6. In a study ion the effect of duloxetine on CYP2D6, healthy volunteers used desipramine (CYP2D6 substrate) and paroxetine (a CYP2D6 inhibitor) along with duloxetine. The results indicated that desipramine levels were 2.9 times higher than when administered alone. On the other hand, concomitant use of duloxetine with paroxetine leads to increased levels of duloxetine. Side effects of duloxetine alone or in combination with desipramine or paroxetine were similar. Chloroquine may affect the concentration of duloxetine by inhibiting CYP2D6 ([@B103]). Despite the inhibitory effect on CYP2D6 and induced CYP1A2 by ritonavir, concomitant use of duloxetine with ritonavir is allowed ([@B104]).

### 2.2.3.. Serotonin modulators

Trazodone is used for the treatment of major depressive disorder, anxiety disorder, and obsessive-compulsive disorder ([@B6]). The metabolism of trazodone in humans is mediated through CYP3A4 and CYP2D6. Trazodone does not affect the activity of CYP isozymes ([@B124]). Trazodone peak plasma concentration and the AUC significantly increase 34% and 137%, respectively in concomitant use with ritonavir (a CYP3A4 inhibitor). Trazodone elimination half-life was prolonged 122% and oral clearance decreased 52% by ritonavir. Drowsiness, lethargy, and performance impairment also increased in co-administration with ritonavir, also three subjects experienced nausea, dizziness, and hypotension ([@B124]). In a case report, a patient was treated with fluoxetine, diazepam, and trazodone went to the emergency room with sedation, dizziness, and nausea after taking 60 units trazodone, which showed a QTc prolongation in her ECG ([@B71]). Thus, additive effects (e.g. some potent CYP450 3A4 inhibitors like ritonavir, chloroquine, hydroxychloroquine) may result in QTc prolongation when used with trazodone ([@B109]).

### 2.2.4.. Norepinephrine-serotonin modulator

Mirtazapine is metabolized by CYP1A2, CYP3A4, and CYP2D6 ( [@B26]) and ritonavir boosted lopinavir is a CYP3A4 inhibitor ([@B74]). Clinically significant interactions between mirtazapine and ritonavir-boosted lopinavir have not been reported. However, it is suggested that the lowest efficient dose of mirtazapine be used when it is co-administered with CYP3A4 inhibitors ([@B27]). No interaction has been found between mirtazapine and hydroxychloroquine, chloroquine, ribavirin, and interferons.

### 2.2.5.. Norepinephrine-dopamine reuptake inhibitor

Bupropion is classified as a dopamine norepinephrine reuptake inhibitor and used to treat major depression and other mood disorders ([@B46]). Bupropion is metabolized by CYP2B6 isoenzyme to hydroxybupropion ([@B105]) and CYP2B6 inducers such as ritonavir may decrease its serum concentration ([@B43]). In one study on 12 healthy volunteers, the ritonavir boosted lopinavir at the standard dose (400 mg/100 mg twice daily) and reduced the bupropion AUC by 57% ([@B45]). Another study showed the ritonavir administration at high (600 mg twice daily) and low (100 mg twice daily) doses resulted in 67% and 22% reductions in bupropion concentrations, respectively ([@B89]). This interaction can occur only 3 days after starting ritonavir ([@B60]). In contrast, one study indicated that short-term use of ritonavir had minimal impact on bupropion pharmacokinetics ([@B41]). We suggest that the clinical effectiveness of bupropion is monitored and a higher dose may be required.

No study or case report has documented the DDI between bupropion and chloroquine but theoretically, there is a pharmacokinetic interaction. Bupropion is a strong CYP2D6 inhibitor ([@B65]; [@B121]) and chloroquine is a CYP2D6 substrate. Thus bupropion may decrease the metabolism of chloroquine. We think that this interaction may be clinically unimportant because chloroquine can be metabolized by other isoenzymes like CYP2C8 and CYP3A4 with low-affinity, high-capacity systems ([@B95]). There is no study and case report about bupropion interaction with other drugs that are used for the treatment of COVID-19.

### 2.2.6.. Tricyclic antidepressants

In 1958, Tricyclic Antidepressants (TCAs) were introduced to the world by using imipramine for melancholic depression ( [@B68]). This class was the first-line treatment for depression until the SSRIs were introduced. Nevertheless, tricyclic antidepressants continue to be used to treat many other psychiatric disorders there with depression (Gelenberg et al., 2010). The principle site for metabolism and elimination of TCAs is the liver. These drugs are metabolized through the hepatic CYP isoenzymes, mainly CYP2D6, CYP1A2, CYP3A4, and CYP1C19 ([@B26]). Since protease inhibitors such as ritonavir can inhibit CYP2D6 and CYP3A4, the serum concentration of TCAs may increase. In one study on the effect of low-dose ritonavir on the activity of cyto-chrome P450, the CYP2D6 dose of 100 mg twice daily of ritonavir increased 26% in the AUC of desipramine. Low-dose ritonavir which is present in combination product of lopinavir/ritonavir has a medium inhibitory effect on the function of CYP2D6. Therefore, it seems that dose reduction is not necessary and only the patient should be monitored for toxic effects of TCAs ([@B1]).

No interaction has been reported between TCAs and hydroxychloroquine, although it is possible due to the risk of QT interval prolongation with both hydroxychloroquine and TCAs. So, there is a potential drug-drug interaction between them ([@B86]). The same is true for chloroquine.

### 2.2.7.. Monoamine Oxidase Inhibitors (MAOIs)

Monoamine Oxidase Inhibitors (MAOIs) are not the first-line drugs for the treatment of depression because of their side effect profile and drug-drug and food-drug interactions. Nevertheless, this class may be used in resistant depression ([@B122]). No interaction has been reported between MAOIs and hydroxychloroquine, but several articles reported the hypoglycemic effect of MAOIs ([@B10]; [@B117]) and hydroxychloroquine ([@B7]; [@B12]; [@B102]; [@B111]). Hypothetically, their co-administration may lead to hypoglycemia. Therefore, it is recommended that susceptible patients be monitored for signs and symptoms of hypoglycemia. Similar to hydroxychloroquine, the effect of lowering blood glucose has been reported for chloroquine ([@B30]; [@B83]; [@B91]). Thus, concomitant use of chloroquine with MAOIs may cause hypoglycemia like hydroxychloroquine. So far no study has not been published about the interaction between MAOIs and protease inhibitors, ribavirin, and interferons.

Among antidepressants, fluoxetine and paroxetine have the greatest inhibitory effect on CYP2D6; fluvoxamine strikingly inhibits CYP1A2 and CYP2C19. Hence, when these medications are prescribed with substrates of the relevant isozymes together, clinically interactions may be anticipated, especially those with a narrow therapeutic range. Duloxetine, sertraline, and bupropion inhibit CYP2D6 moderately, but sertraline at a high dose may have more potency to inhibit CYP2D6. Citalopram, escitalopram, venlafaxine, mirtazapine have a weak or negligible inhibitory effect on CYP isozymes in vitro, so significant interactions are less likely to occur with concomitant use of this cytochrome's substrates ([@B106]).

### 2.2.8.. Newer antidepressants

Lopinavir and ritonavir can potentially increase the level of vortioxetine by affecting CYP2D6 ([@B105]). The clinical significance of this interaction is unknown as there is no published report about their co-administration.

Similarly, both ritonavir and lopinavir can increase the level of vilazodone by affecting the CYP3A4 ([@B105]). The interaction may be serious and 50% vilazodone dose reduction or using an alternative is suggested ([@B5]). There is no interaction between the above-mentioned antidepressants and chloroquine or hydroxychloroquine.

### 2.2.9.. Mood stabilizers

Mood stabilizers, including lithium, lamotrigine, valproic acid, and carbamazepine are mainstay drugs for the treatment of patients with bipolar disorders in the acute and maintenance phase ([@B28]).

### 2.2.10.. Lamotrigine

Lopinavir may decrease the serum concentration of lamotrigine because lopinavir/ritonavir induces Uridine Diphosphate Glucuronosyltransferases (UGTs), enzymes responsible for lamotrigine metabolism. Lamotrigine efficacy and toxicity symptoms, including skin rash and hematologic toxicities should be closely monitored in their co-administration. One study on 24 healthy participants who received lamotrigine (100 mg BD) in combination with Kaletra (400 mg/100 mg BD) showed a 50% reduction in half-life, AUC, and Cmin. Also, lamotrigine clearance increased by approximately 85% ( [@B114]). Accordingly, concomitant administration of lamotrigine with Kaletra that is a glucuronidation inducer may decrease lamotrigine concentrations so dose increase is recommended for dose titration.

### 2.2.11.. Valproic acid

Valproic acid is metabolized by three pathways of extensive UGT glucuronidation (UGT1A6, UGT1A9, UGT2B7), mitochondrial β-oxidation, and minimal cytochrome P450-mediated oxidation. UGT enzyme inhibitors or inducers can increase or reduce serum concentrations of valproic acid, respectively. Sheehan NL et al. reported a patient with bipolar disorder in maintenance treatment with valproic acid who experienced mania symptoms a few days after initiating antivirals regimen ritonavir and lopinavir, potentially due to decrease in the serum concentration of valproate product ([@B22]; [@B100]). Also according to the NIH guidelines, lopinavir AUC increases by approximately 75% with concomitant valproic acid use. Therefore, patients under combination therapy should be monitored for lopinavir toxicity and virologic response ([@B21]). In two studies, the reduced valproate concentrations were observed in patients treated with valproic acid and lopinavir/ritonavir ([@B19]; [@B100]).

### 2.2.12.. Carbamazepine

Carbamazepine is both a substrate and a potent inducer of CYP3A4. Higher doses of lopinavir as a substrate for CYP450-3A4 may be necessary in combination with carbamazepine and close monitoring should be provided ([@B44]).

Chloroquine is metabolized via CYP3A4 ([@B20]). Therefore, concomitant use of chloroquine with a CYP3A4 inducer, such as carbamazepine appears to reduce chloroquine levels and dose adjustment is offered.

### 2.2.13.. Lithium

Lithium is excreted unchanged in the urine and has no known effects on CYP enzymes. Hence it is the least likely mood stabilizer that has DDIs with antiretroviral drugs ([@B108]). However, it is rational to inspect patients for interactions. No interaction has been reported between mood stabilizers with ribavirin and hydroxychloroquine.

### 2.2.14.. Antipsychotics

Antipsychotics are the main drugs for the treatment of schizophrenia. The principle site of metabolism of most antipsychotics (the first and second-generation) is CYP isoenzymes, in particular CYP3A4 and CYP2D6. Therefore, DDIs in combined use with drugs that have a strong effect on CYP pathway metabolism such as CYP450, CYP3A4, CYP2D6 inducer, and inhibitors are possible ([@B44]; [@B70]). Protease inhibitors such as Kaletra (ritonavir/lopinavir) are strong CYP3A4 inhibitors and affect the activity of cytochrome resulting in antipsychotic accumulation and toxicity ([@B11]; [@B53]; [@B120]).

### 2.2.15.. Aripiprazole

Aripiprazole is a substrate of CYP2D6 and CYP3A4, and ritonavir is a strong inhibitor of these two enzymes ( [@B3]; [@B40]; [@B63]; [@B94]; [@B99]; [@B107]; [@B112]; [@B120]). Concomitant use of aripiprazole and ritonavir has the potential additive effect on metabolic disturbances and increases the adverse/toxic effects of ritonavir that should be monitored. Aripiprazole dose adjustment (reduced dose) is often appropriate in patients with CYP2D6 poor metabolizers or when combined with a CYP2D6 inhibitor or a CYP3A4 inhibitor ([@B44]).

### 2.2.16.. Olanzapine

The serum concentration of olanzapine may be decreased by ritonavir (dose depending) because of ritonavir induction of CYP1A2 and or glucuronosyltransferase-mediated olanzapine metabolism. In a study on 14 healthy volunteers, ritonavir dose tapered up gradually and reduced the olanzapine Cmax, AUC, and half-life by 40%, 53%, and 50%, respectively ([@B44]; [@B52]; [@B90]).

### 2.2.17.. Quetiapine

Ritonavir is a strong CYP3A4 inhibitor that has an inhibitory effect on quetiapine metabolism and may increase its serum concentration and adverse reactions ([@B44]; [@B92]). Therefore, it is best to reduce the dose of quetiapine and monitor it closely.

### 2.2.18.. Ziprasidone

Protease inhibitors (e.g. ritonavir) with CYP3A4 inhibitory property can increase the level of ziprasidone. Therefore, it needs more monitoring ([@B44]; [@B79]).

### 2.2.19.. Clozapine

There are overlap metabolic toxicities (e.g. hyperglycemia, weight gain, hyperlipidemia) with clozapine and all of the protease inhibitors. So their administration should be monitored or alternative agents be considered ([@B44]).

### 2.2.20.. Chlorpromazine

Chlorpromazine is a typical antipsychotic agent that was first developed in 1951. Chlorpromazine is a high-risk drug for QT-prolongation and chloroquine increased its serum concentrations 3 hours after an oral dose in patients under treatment ([@B77]).

### 2.2.21.. Pimozide

Pimozide is an antipsychotic and CYP3A4 substrate. Its co-administration with ritonavir should be avoided because of increasing pimozide levels and the risk of QTc prolongation ([@B44]). QT prolongation is a cardiovascular side effect of pimozide ([@B66]). Therefore, we should avoid concomitant use with medications that can affect QT interval (e.g. chloroquine).

### 2.2.22.. Risperidone

CYP2D6 and CYP3A4 are the main sites for risperi-done metabolism. Ritonavir is a strong inhibitor for both enzymes. Studies have shown that co-administration of these drugs increases the side effects of risperidone ([@B56]; [@B58]).

Antipsychotics, especially ziprasidone and quetiapine have the potential to increase QT interval ([@B44]). Theoretically, concomitant use of antipsychotics like ziprasidone and quetiapine with chloroquine or hydroxychloroquine can increase the risk of QTc prolongation. No interaction has been reported between antipsychotic drugs and ribavirin.

2.3.. Anxiolytics
-----------------

### 2.3.1.. Benzodiazepines

Benzodiazepines (BZDs) are a group of psychotropic medications with sedative, hypnotic, and anxiolytic effects that are metabolized via CYP450 enzymes particularly subtype CYP3A4 in the liver ([@B34]; [@B96]). Therefore, medications with CYP3A4 inhibitory effect like Kaletra (ritonavir/lopinavir) that is a strong CYP3A4 inhibitor may decrease the metabolism of a CYP3A4 substrate such as chlordiazepoxide, diazepam, clonazepam, flurazepam, triazolam, midazolam, and alprazolam. The patient should be monitored closely and even using an alternative agent with lower interaction (e.g. lorazepam, oxazepam, and temazepam) or dose adjustments should be considered ([@B21]).

### 2.3.2.. Midazolam

Midazolam is a CYP3A4 substrate ( [@B51]; [@B67]). Some studies have reported AUC increase (5 to 28 fold) or reduction in oral and intravenous midazolam clearance (65%--96%) after co-administration with ritonavir or Kaletra (ritonavir/lopinavir) ( [@B31]; [@B33]; [@B64]; [@B81]; [@B98]; [@B123]).

### 2.3.3.. Diazepam

Diazepam is metabolized via CYP3A4, and to a smaller extent via CYP2C19 ([@B57]). Therefore co-administration of diazepam with ritonavir can decrease diazepam metabolism and in combination therapy, the lower dose of diazepam is recommended ([@B21]).

### 2.3.4.. Alprazolam

Alprazolam is a benzodiazepine metabolized via CYP3A4 ([@B23]). In some studies, the AUC of alprazolam increased by approximately 2.5 fold and causes increased sedation and psychomotor performance impairment with ritonavir co-administration ([@B42]).

### 2.3.5.. Triazolam

Also, triazolam metabolism is via CYP3A4 isoenzyme ([@B67]). A study has shown that clearance of triazolam reduced when co-administered with ritonavir ([@B32]).

### 2.3.6.. Non-benzodiazepine

Non-benzodiazepines are another sedative, hypnotic, and anxiolytics drugs, including zolpidem, eszopi-clone, zaleplon, and ramelteon that is extensively metabolized via the CYP450 system. So, there is a potential for drug-drug interaction ([@B78]).

### 2.3.7.. Zolpidem

Pathways for zolpidem metabolism are CYP3A4, CYP2C9, CYP1A2, CYP2D6, and CYP2C19 ([@B31]; [@B120]). The concomitant use of strong CYP3A4 inhibitors such as ritonavir may increase the serum concentration of zolpidem because CYP3A4 is an isoenzyme partially responsible for zolpidem metabolism ( [@B13]). In a pharmacokinetic study of healthy participants, ritonavir (200 mg twice daily for 2 days) increased the zolpidem (5 mg single dose bedtime) AUC, and Cmax 28% and 22%, respectively and no pharmacodynamic changes related to zolpidem effects were found ( [@B31]).

### 2.3.8.. Buspirone

Buspirone is an anxiolytic drug that its main pathway for metabolism is CYP3A4 isoenzyme. So one should be cautious and carefully monitor it in concomitant use with CYP3A4 inhibitors such as ritonavir. However, dose adjustment is not necessary ([@B9]).

No interaction has been reported between anxiolytics and ribavirin, hydroxychloroquine, and chloroquine.

We should consider that the inhibitory effect of ritonavir on CYP2D6 is dose-dependent. Low-dose ritonavir (100 mg two times a day) had only a slight effect on CYP2D6, but the curative dose of ritonavir (600 mg two times a day) had a greater effect ([@B104]).

Azithromycin use, as one of the alternatives used in COVID-19 patients, needs caution because it may enhance the QTc-prolonging effect of QT-prolonging agents like citalopram, especially in patients at high risk (preexisting cardiac disease, old age, female sex, electrolyte imbalance, etc.) ([@B50]; [@B59]). No interaction has been reported between amantadine and chloroquine, hydroxychloroquine, ritonavir, and ribavirin. [Table 1](#T1){ref-type="table"} summarizes the drug-drug interactions mentioned in this article.

###### 

Summary of drug-drug interaction between psychotropics and pharmacological treatments used for COVID-19

  **Psychotropic Medication**       **Lopinavir/Ritonavir**                                   **Chloroquine/hydroxychloroquine**   **Implication**                                                                                                                     
  --------------------------------- --------------------------------------------------------- ------------------------------------ ----------------------------------------------------- ----------------------------------------------------------------------------- -------------------------------------------------------------
  Antidepressants                   SSRIs                                                                                          ↑risk for serotonin syndrome and hypoglycemia                                                                                       Caution in patients with diabetes
  Fluoxetine                        ↑Ritonavir via CYP2D6 and CYP3A4                          Risk of hypoglycemia                                                                                                                                                     
  Sertraline                        ↑Sertraline via CYP3A4                                    Risk of hypoglycemia                                                                                                                                                     
  Citalopram                                                                                  ↑QTc                                 Cardiac monitoring especially in high-risk patients                                                                                 
  Escitalopram                                                                                ↑QTc                                 Cardiac monitoring especially in high-risk patients                                                                                 
  Paroxetine                        ↓Paroxetine via CYP2D6 and protein binding displacement   Risk of hypoglycemia                                                                                                                                                     
  Fluvoxamine                       ↑Ritonavir via CYP3A4                                     Risk of hypoglycemia                                                                                                                                                     
  SNRIs                                                                                                                            ↑QTc                                                  Cardiac monitoring especially in high-risk patients dose reduction            
  TCAs                                                                                        ↑TCAs via CYP2D6                     ↑QTc                                                  is not necessary, monitor TCA side effects                                    
  MAOIs                                                                                                                            Risk of hypoglycemia                                  Caution in patients with diabetes                                             
  Bupropion                                                                                   ↓Bupropion via CYP2B6                                                                      Monitor clinical effectiveness of bupropion                                   
  Trazodone                                                                                   ↑Trazodone via CYP3A4                ↑QTc                                                  Cardiac monitoring especially in high-risk patients Sedation may also occur   
  Mirtazapine                                                                                 ↑Mirtazapine via CYP3A4                                                                    Use the lowest efficient dose                                                 
  Vortioxetine                                                                                ↑Vortioxetine via CYP2D6                                                                   Not clinically significant                                                    
  Vilazodone                                                                                                                       ↑Vilazodone via CYP3A4                                                                                                              Dose reduction by 50% or using and alternative is suggested
  Mood stabilizers                  Valproic acid                                                                                  ↓Valproate                                                                                                                          Monitor for lopinavir toxicity and virologic response
  ↑Lopinavir                                                                                                                                                                                                                                                           
  Lamotrigine                                                                                 ↓Lam via UGTs                                                                              A dose increase is recommended                                                
  Carbamazepine                                                                               ↓Lopinavir                           ↑Chloroquine                                                                                                                        
  Lithium                                                                                                                                                                                                                                                              
  Antipsychotics                    Second-generation antipsychotics                          Risperidone                          ↑Risperidone via CYP3A4 and 2D6                                                                                                     
  Aripiprazole                      ↑Aripiprazole via CYP3A4 and 2D6                                                               Dose reduction                                                                                                                      
  Olanzapine                        ↓Olanzapine via CYP1A2                                    ↑QTc                                                                                                                                                                     
  Quetiapine                        ↑Quetiapine via CYP3A4                                    ↑QTc                                 Cardiac monitoring                                                                                                                  
  First-generation antipsychotics   Ziprasidone                                               ↑Que via CYP3A4                                                                                                                                                          
  Clozapine                         Additive metabolic toxicities                             ↑QTc                                 Consider alternative agents                                                                                                         
  Chlorpromazine                                                                              ↑QTc                                                                                                                                                                     
  Pimozide                          ↑Pimozide via CYP3A4                                      ↑QTc                                 Contraindicated                                                                                                                     
  Anxiolytics                       Benzodiazepines                                           Midazolam                            ↑Midazolam via CYP3A4                                                                                                               Contraindicated
  Diazepam                          ↑Diazepam via 3A4                                                                              Dose reduction                                                                                                                      
  Alprazolam                        ↑Alprazolam via 3A4                                                                            Monitor sedation and dose reduction                                                                                                 
  Triazolam                         ↓Triazolam via 3A4                                                                                                                                                                                                                 
  Zolpidem                                                                                    ↑Zolpidem via 3A4                                                                          Not clinically significant                                                    
  Buspirone                                                                                   ↑Buspirone via 3A4                                                                         Dose adjustment is not usually necessary                                      

SSRIs: Selective Serotonin Reuptake Inhibitors; SNRIs: Serotonin-Norepinephrine Reuptake Inhibitors; TCAs: Tricyclic Antidepressants; MAOIs: Monoamine Oxidase Inhibitors

3.. Conclusion
==============

Drug interactions are major challenges in the comorbidity of psychiatric disorders and COVID-19 infection resulting in the alteration of expected therapeutic outcomes. The risk of toxicity or lack of efficacy may occur due to a higher or lower plasma concentration of medications. Moreover, intensification of similar adverse effects might harm the patients. However, psychiatric medication could be used safely in combination with COVID-19 pharmacotherapy if medications were selected with the least possibility of interaction and also careful monitoring. Psychiatrists should be aware of psychotropic drug interactions for optimal pharmacotherapy in the management of mental problems in COVID-19 patients.
